Abstract. The concentrations of nine mineral elements in the muscles of roach, Rutilus rutilus (L.), bream, Abramis brama (L.), vendace, Coregonus albula (L.), pike, Esox lucius L., Eurasian perch, Perca fluviatilis L. and burbot, Lota lota (L.) were measured. The microelement content in the muscle tissues of the fish was identified to have the following decreasing sequence: Zn > Fe > Cu > Mn, and the concentrations of macroelements in fish were noted in the following order: K > P > Na > Mg > Ca. Roach and bream had more iron than perch and pike (P £ 0.01). There were no differences in the concentrations of copper between the species in the following groups: roach and bream; roach and perch; perch and pike (P > 0.01). The concentrations of the remaining elements did not differ among fish of different feeding types (P > 0.01). The only statistically significant differences were noted in the content of iron in the muscles of two fish groups: non-predatory (roach, bream and vendace) and predatory (perch, pike and burbot; P £ 0.01).
Introduction
The macroelements calcium, magnesium, sodium, potassium, and phosphorus are essential to human health (Przyby³ and Koligot 1997a) . Microelements such as zinc, iron, copper, and manganese, which occur in physiological concentrations, play key roles in living processes, and either an excess or deficit can disturb biochemical functions in both humans and animals Koligot 1997b, OEmigielska et al. 2005) . The microelements mentioned above are heavy metals. According to Pourang (1995) , heavy metals are important from the point of view of public health. These metals are also indicators of water pollution because they accumulate in aquatic animals. Szczerbowski (1995) contended that every living organism belongs to a definite level of the trophic chain. Consumers, including fish, comprise the second level. According to Szczerbowski et al. (1995) , roach, Rutilus rutilus (L.), depending on its age, feeds on plankton, molluscs, and crustaceans, whereas vendace, Coregonus albula (L.), feeds on zooplankton. Bream, Abramis brama (L.), similarly to roach, feeds on plankton and crustaceans or insect larvae and oligochaets (mostly chironomids). These authors noted that the predatory fish pike, Esox lucius L., within a few weeks and perch, Perca fluviatilis L., larger than 10 cm feed on other smaller fish, while burbot, Lota lota (L.), feeds on invertebrates, fish eggs, and other fish (vendace and whitefish, Coregonus lavaretus (L.), are a predominant dietary element of this fish in vendace lakes).
Data from the literature indicate that the contents of macro-and microelements in fish depends on species and feeding type (Gladyshev et al. 2001a (Gladyshev et al. , 2001b (Gladyshev et al. , £uczyñska et al. 2006 . The bioaccumulation of heavy metals (Zn, Cu, Mn, Fe) also depends on fish weight and body length (Kostecki 2000 , Anan et al. 2005 , £uczyñska and Toñska 2006 and age (HDkanson 1984 , Berninger and Pennanen 1995 , Farkas et al. 2003 .
The aim of the current study was to investigate the concentrations of nine elements in the muscles of fish from the Mazurian Great Lakes and to verify whether or not interspecific differences in the contents of these elements among four species (roach, bream, perch, pike) and between two groups (non-predatory and predatory fish) are notable.
Materials and Methods
Roach, bream, vendace, pike, Eurasian perch, and burbot were caught in June 1997 in lakes Kisajno, Dargin, and Niegocin. Fish samples were collected on the same day. The fish were euthanized, and then body weight and total length were measured. Muscle tissues extracted from the dorsal part were kept in plastic bags at -18°C until analysis. The analysis was performed on comprehensive samples that consisted of small and large specimens from the same lake. In the case of large roach, bream and perch from lakes Kisajno, Dargin, and Niegocin, burbot from Dargin, and pike from lakes Kisajno and Dargin (body weight >200 g), the samples were prepared from muscles taken from one to four specimens (Tables 1 and 2) . Whereas for small roach from lakes Kisajno and Niegocin and perch from Kisajno and Dargin, samples were prepared from muscle tissue taken from nine to eleven and five to six fish, respectively. In the case of vendace from Lake Dargin, samples were prepared from muscles taken from five or six fish.
Duplicate samples of approximately 10 g each from all the muscle samples were dried to constant weight at 105°C. The samples were then ashed at 450°C for 12 h. The white ash was dissolved in 1M HNO 3 . (Suprapur-Merck). Then each sample was quantitatively transferred into 25 ml volumetric flasks with deionized water. The concentrations of six elements (Fe, Mn, Cu, Zn, Mg, Ca) , respectively. A solution of lanthanum chloride was added (in an amount that ensured a 0.5% concentration of La +3 in the analyzed solutions) to all of samples and standards when determining calcium to eliminate the influence of phosphorus (Whiteside and Miner 1984) . Sodium and potassium were assayed using flame photometry (Flapho 4, Carl Zeiss Jena) at 589.0 nm and 766.5 nm, respectively (Rutkowska 1981) . Phosphorus was determined using the colorimetric method of Mattsson and Swartling (1954) . The absorbance of phosphorus was determined at 610 nm (VIS 6000 Spectrophotometer). The detection limits were 1 mg kg , respectively. The accuracy of the method was examined using standard reference materials CRM 422 cod muscle tissue (lyophilized sample) with a certified concentration of Zn, Fe, Cu, and Mn (Quevauviller et al. 1993) . The standard reference material was analyzed with each batch of samples. The recovery rates of these elements were: 105% Zn, 96% Fe, 103% Cu, and 103% Mn. The microelements (Fe, Mn, Cu, Zn) concentration in muscles of fish is expressed in mg kg -1 dry weight and the content of macroelements (Na, K, Mg, Ca, P) is expressed in mg 100 g -1 dry weight. ANOVA one-way analysis of variance (Duncan's test) was used to test significant interspecific differences in the content of the elements studied among four species (roach, bream, perch, pike). The t-student test was used to qualify the significant differences in the concentration of these elements between the groups of non-predatory (roach, bream, vendace) and predatory fish (perch, pike, burbot). In both cases, the significance level of P £ 0.01 was used.
Results
There were no clear differences among species in the contents of zinc, iron, copper, or manganese in the muscles of the fish from different areas (Tables 1 and  2 ). However, differences in the concentrations of zinc in the muscle tissues of small and large roach in the same lakes (Kisajno and Niegocin) were noted. Small roach had higher values of zinc than large roach. The opposite was noted in pike from Lake Dargin. The body weights of perch and bream from Lake Dargin and perch from Lake Kisajno did not influence the content of zinc. The average zinc content in all the samples analyzed was 17.0-58.5 (roach), 17.0-18.7 (bream), 26.6-27.3 (vendace), 20.2-24.5 (perch), 27.1-53.6 (pike), and 41.5 (burbot). Small roach from Lake Kisajno had the highest values of zinc. The body weight of the selected fish species in the same lake had no impact on the concentration of iron, manganese, or copper. Exceptions were noted in roach from Lake Kisajno and perch from lakes Kisajno and Dargin, because the small roach contained more manganese, and the small perch had more copper than did large fish of the same species. The average contents of other microelements in the fish studied were as follows: 4.0-11.3 mg kg -1 dry weight for iron; 0.4-1.2 mg kg -1 dry weight for manganese; 0.6-2.7 mg kg -1 dry weight for copper. The highest levels of copper were noted in burbot, while the highest contents of iron and manganese were noted in the vendace from Lake Dargin and the roach from Lake Kisajno, respectively.
Differences in the concentration of microelements in the muscles of four species (roach, bream, perch, pike) were examined (Table 3 ). Roach and bream had more iron than perch and pike (P £ 0.01). There were no differences in the concentrations of copper between the species within the following groups: roach and bream; roach and perch; perch and pike (P > 0.01). The muscles of non-predatory fish (roach, bream, vendace) contained more iron (9.2 mg kg -1 dry weight) than did those of the predatory fish (P £ 0.01) (Fig. 1) . The predatory fish (perch, pike, burbot) contained 5.3 mg Fe kg -1 dry weight. Although concentrations of manganese, copper, and zinc varied among the different species, there were no clear differences in the values of these metals between groups of non-predatory and predatory fish (P > 0.01). The contents of sodium (149.7 mg 100 g -1 dry weight), potassium (1638.7 mg), magnesium (91.3 mg), and calcium (56.5 mg) in vendace were lower than in the other non-predatory roach and bream (Table 1) . The level of phosphorus in the muscles of non-predatory fish ranged between 1047.8 and 1261.7 mg 100 g -1 dry
weight. The concentrations of potassium in the muscles of roach and bream were 1914.6-2387.0 and 1429.8-2268.3 mg 100 g -1 dry weight, respectively, whereas the content of calcium in the muscle tissues of roach ranged from 61.5 (large roach from Lake Kisajno) to 103.6 (small roach from Lake Kisajno) and 53.5 (small bream from Lake Dargin) to 104.8 mg 100 g -1 dry weight (small bream from Lake Niegocin). Lower concentrations of magnesium (84.9 mg 100 g -1
) were noted in the muscles of small bream from Lake Dargin. The highest values of magnesium were noted in the muscle tissue of large roach from Lake Kisajno (143.0 mg 100 g -1 dry weight). In the group of predatory fish (perch, pike,burbot), perch from Lake Niegocin and pike from Lake Dargin had less sodium (169.0 and 181.8 mg 100 g -1 dry weight 1 , respectively) than did other fish from this group ( Table 2 ). The concentrations of calcium and magnesium in the muscles of predatory fish were from 43.7 to 94.8, and from 82.7 to 108.6 mg 100 g -1 dry weight, respectively. The values of phosphorus (1068.3-1265.4 mg 100 g -1 dry weight) and potassium (1686.3-2366.8 mg 100 g -1 dry weight) in predatory fish were close to the values for non-predatory fish (P > 0.01) (Fig. 3) . The non-predatory fish contained more calcium (74.6 mg) than the predatory fish (59.5 mg), while the predatory fish had higher mean values of sodium (299.8 mg) than did non-predatory fish (243.4 mg) (Fig. 2) , but the differences were not statistically significant (P > 0.01). There were no significant differences (P > 0.01) between the contents of magnesium in the muscles of non-predatory (101.5 mg) and predatory fish (98.3 mg) (Fig. 2) . Similar differences among species in macroelement content (Ca, Mg, Na, K, P) in the muscle tissue of roach, bream, perch, and pike were not statistically significant (P > 0.01).
Joanna £uczyñska et al.
Table1
Weight and length of fish and the content of nine mineral elements in muscles of non-predatory fish n -number of fish % -content of water in samples Table 2 Weight and length of fish and the content of nine mineral elements in muscles of predatory fish 
Discussion
The mean content of zinc in the muscles of pike from the Anzali wetlands connected to the Caspian Sea was 25.4 mg kg -1 dry weight, whereas the mean amounts of manganese and copper was 5.3 and 2.8 mg kg -1 dry weight, respectively (Pourang 1995) .
These values, with exception of zinc, were higher than those reported for the pike assayed (Table 2) . This concurs with results of Radwan et al. (1990) .
These authors also reported higher concentrations of iron, manganese, copper, and zinc in the muscle tissues of perch (Table 2 ) and bream (Table 1 ) than in the case of the same fish species in the current study (with the exception of bream from Lake Niegocin). Likewise, Berninger and Pennanen (1995) found higher contents of zinc (36.0 mg kg -1 dry weight) and iron (12.0 mg kg -1 dry weight) in the muscles of perch (Finland) than in the perch in the current study (Table 2 ). According to Stanek et al. (2005) published by the authors above were higher than in the fish assayed in the current study (Table 3) , but the results of copper measured in the muscles of roach, bream, and perch from the Vistula Lagoon (Polak-Juszczak 2003) are comparable to those obtained in the present study. Decidedly lower amounts of Cu, Fe, Mn, and Zn were noted in perch (Table 2) and roach (Table 1 ) than in the same fish species from different sites in the River Seine (Paris) analyzed by Chevreuil et al. (1995) , according to whom,
The essential mineral components of the muscles of six freshwater fish from the Mazurian Great Lakes... concentrations of these metals in the muscles of roach from Balloy were as follows: Cu -1.9 mg kg Mn -5.6 mg kg -1 dry weight; Zn -120 mg kg -1 dry weight. The content of Cu, Fe, Mn, and Zn in the muscle tissues of perch from Poses was 1.4, 66, 5.3, and 48 mg kg -1 dry weight, respectively. In the case of bream from the Western basin of Lake Balaton (Hungary) caught in October 1999 and May 2000, the values for zinc (14.5 and 10.9 mg kg -1 dry weight) were higher than those for copper (2.22 and 1.77 mg kg -1 dry weight) (Farcas et al. 2003) . These findings concur with the results of the current study, because the mean contents of microelements in the muscle tissue of bream and of other fish decreased in the following sequence: Zn > Fe > Cu > Mn, but these levels were higher than the contents of Zn and Cu in the muscles of the bream examined (Table 1) . £uczyñska et al. (2006) confirmed the decreasing order in all fish species (Zn > Fe > Cu > Mn). Only in the case of perch from Lake Piaseczno, was the content of zinc the highest followed by those of Fe, Cu, and Mn (Radwan et al. 1990 ). According to the same authors, the mean concentration of zinc, manganese, iron, and copper in pike and bream was in the following order: Fe > Zn > Cu > Mn and Zn > Cu > Fe > Mn, respectively. This does not concur with studies reported by Chevreuil et al. (1995) . The essential amounts of copper, zinc, and cadmium in roach from the Dobczyce Reservoir (southern Poland) were probably consumed with food (Szarek-Gwiazda and Amirowicz 2003). The range of Cu, Zn, Mn, and Fe contents of roach muscles varied 1.5-5.3 mg kg -1 dry weight, 24.3-69.6 mg kg -1 , 0.3-1.4 mg kg -1 , and 17.9-49.1 mg kg -1 dry weight, respectively. These values, except with iron and copper, were measured in muscles of individual specimens of the fish examined (Table 1 ).
According to Pourang (1995) , pike, as top predator, contained less manganese and zinc than Carassius aureatus (L.) which are at the lower trophic levels. The same author found that this is related to biopurification. Using fish caught in the vicinity of W³oc³awek, Stê¿ycka et al. (2003) indicated that non-predatory fish contained 8.66 mg Zn kg -1 wet weight and 0.32 mg Mn kg -1 wet weight, whereas the content of zinc and manganese in predatory fish was 5.11 and 0.25 mg kg -1 wet weight. These authors also noted that non-predatory fish had higher concentrations of copper (0.73 wet weight) than did predatory fish (0.35 wet weight). Øehulka (2002) suggested that with copper levels, there were no differences between predatory and non-predatory fish. Similarly, no distinct differences were noted in the concentrations of heavy metals (Cu, Mn, Fe and Zn) between predatory (pike and perch) and non-predatory fish (bream and tench, Tinca tinca (L.)) in from the mesotrophic Lake Piaseczno (eastern Table 3 Interspecific differences in the content of nine mineral elements in muscles of four fish species (n) -number of fish samples Values marked with the same subscript letter index in the same column did not differ significantly statistically (P > 0.01) Poland) (Radwan et al. 1990 ). These findings concur with observations reported in the current study, with the exception of iron, because the non-predatory fish contained more iron than did predatory fish (P £0.01) (Fig. 1) . The smaller differences among species in the contents of Cu, Mn, and Fe in the fish from Piaseczno Lake were presented by Szarek-Gwiazda and Amirowicz (2006) . The muscles of roach contained higher concentrations of copper than did those of silver bream, Abramis bjoerkna (L.), for example, while silver bream had lower iron contents than did roach or perch, and the content of manganese was lower than that in roach. According to the authors, there is an existing connection between the concentrations of metals (Mn, Fe, Cu, Cd, Pb, Sr) in some fish tissues and their trophic habits. The concentrations of K, Na, Ca, and Mg in the muscles of perch from a Siberian pond (Russia) were 1703 mg, 284 mg, 202 mg, 136 mg in 100 g -1 dry weight, respectively (Gladyshev et al. 2001b ). The values of calcium and magnesium are superior to those noted in the current study ( Table 2 ). The muscle tissue of perch examined in the current study had higher contents of potassium (with the exception of small fish from Lake Kisajno) and sodium (with the exception of small fish from Lake Dargin and large fish from Lake Niegocin) than did the same species assayed by the authors above. According to £uczyñska et al. (2006) , higher values of sodium were noted in the muscle tissue of perch (47.0 mg 100 g -1 wet weight) than in other fish species (30.4-42.4 mg 100 g -1 wet weight).
The concentrations of sodium in the perch studied, which were expressed in mg 100 g -1 wet weight, ranged from 34.4 to 91.8 and were higher (with the exception of perch from Lake Niegocin) than the values noted by the authors above. The amounts of potassium in vendace were lower than those in the other fish species examined (with the exception of small bream from Lake Dargin) (Table 1) , which was confirmed by the study of these authors. The values of calcium in the muscles of the studied roach, bream, vendace, perch, pike, and burbot were 12.9-21. 6, 11.5-20.9, 13.3, 8.8-18.3, 10.5-11 .9 and 11.6 mg 100 g -1 wet weight, respectively. Only the contents of calcium in the muscles of small perch from Lake Dargin ( Table 2 ) and in bream from Lake Niegocin (Table 1) were close to the values for perch and bream noted by the same authors. In pike from two reservoirs (Vermeulle and Dollier) studied by Belinsky et al. (1996) , the contents of calcium (7 and 8 mg 100 g -1 wet weight, respectively) were lower than in the pike examined (Table 2) . Statistically significant differences between the concentrations of Ca in the muscles of perch and crucian carp, Carassius carassius (L.), which differ in food types, were noted by Gladyshev et al. (2001a) . Kownacki and Doboszyñska (1976) reported that the concentrations of magnesium varied among species (carp, Cyprinus carpio (L.), pike-perch, Sander lucioperca (L.), pike and tench). Predatory pike contained more magnesium than non-predatory fish, but pike-perch had higher magnesium contents than did carp. The authors above noted that the values of magnesium in the edible parts of pike ranged from 80.6 to 128.4 mg 100 g -1 dry weight. The content of this metal in the muscles of the pike examined (Table  2) was within the range mentioned by these authors. There were no significant differences between the concentrations of calcium and magnesium in the muscles of non-predatory and predatory fish (P > 0.01).
